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Abstract 
The superconducting FeSe films were successfully fabricated using the electrochemical 
synthesis. The composition ratio of Fe and Se can be controlled by the electric potential 
and pH value. We found that the FeSe films deposited at the electric potential -1.75 V 
and pH 2.3 show the superconducting transition at 3.5 K. The establishment of this 
electrochemical synthesis technique will provide many advantages for application. 
 
 
Since the discovery of superconductivity in LaFeAsO1-xFx1, several types of 
iron-based superconductors have been discovered.2-7 Among them, FeSe with Tc ∼8 K is 
quite promising for practical applications because of the simplest structure and less 
toxicity compared to other As-based compounds. Furthermore, the superconducting 
transition temperature Tc dramatically increases up to 37 K under high pressure.8-11 FeSe 
films have been fabricated by the physical deposition methods such as PLD and MBE 
techniques.12, 13 However, these fabrication processes tend to be expensive, complex, 
and difficult for large area deposition. We tried to realize the fabrication of FeSe films 
by electrochemical deposition, since MgB2 films have succeeded by the same method.14 
The electrochemical deposition has further advantages to fabricate FeSe films because 
of the inexpensive equipment, quick synthesis, and ease of deposition of large area at 
room temperature. There are some reports about the challenge for the electrochemical 
deposition of iron chalcogenide. However, no one has succeeded to obtain 
superconducting FeSe films.15-19 Here, we show a synthesis of superconducting FeSe 
films using the electrochemical method. 
Electrochemical depositions were performed by a three-electrode method. 
Cathode, anode and reference electrode were Pt plate, Fe plate and Ag/AgCl electrode, 
respectively. In order to prepare electrolyte, we dissolved 0.01 mol/l FeSO4 •7H2O and 
0.005 mol/l SeO2 into distilled water. The HNO3 was used as pH adjustor. We performed 
cyclic voltammetry (CV) in a range of the electric potential between -0.4 and -2.5 V.  
The films were characterized by x-ray diffraction with Cu-Kα radiation using the 2θ-θ 
method. The actual composition of the films was investigated by the energy dispersive 
x-ray spectrometry (EDX). The temperature dependence of magnetization was 
measured using a superconducting quantum interface device (SQUID) magnetometer 
with an applied field of 5 Oe.   
Figure 1 shows a cyclic voltammogram corresponding to the electric potential 
dependence of current density J. With decreasing the electric potential, J value decrease 
monotonically, and exhibit an anomaly around -1.75 V. In the reverse scan, J value 
linearly increases. Assuming that this anomaly is indicative of the deposition of Fe-Se 
compounds, we performed the electrochemical synthesis in a potential range between 
-1.00 and -2.50 V in order to deposit superconducting FeSe films. 
     The electric potential dependence of the composition ratio of Fe and Se estimated 
by EDX measurements is shown in Fig. 2. At the electric potential of -1.00 V, Se was 
dominantly detected. At the electric potential between -1.50 and -2.50 V, Se and Fe 
composition ratio was estimated to be around 60 and 40 %. We found that the Se 
composition is slightly higher than that of Fe at the electric potentials between -1.50 and 
-2.50 V.   
The XRD patterns for the samples obtained at the electric potential of -1.00 and 
-2.50 V are summarized in Fig. 3. At the electric potential of -1.0 V, only hexagonal Se 
peaks were observed, which is consistent with EDX results. In contrast, we found that 
peaks identified as tetragonal FeSe were appeared in the samples at -1.5, -1.75 and -2.00 
V. However, the peaks are noticeably broadened because of Se-rich composition. Since 
FeSe phase is stable in the slightly Fe-rich condition4, 20, we tried to control the Fe/Se 
ratio by tuning of pH value. 
Figure 4 shows the pH dependence of the composition ratio of Fe and Se 
analyzed by EDX measurements. Fe-rich condition was obtained in the range of pH 2.6 
and 2.1. Figure 5 presents XRD patterns for FeSe films electrodeposited between pH 
2.9 and 2.1. We have clearly observed sharp peaks corresponding to tetragonal FeSe, 
and the impurity phase of hexagonal FeSe was almost disappeared. The electric 
potential -1.75 V and pH 2.3 were found to be the optimal condition to electrodeposite 
tetragonal FeSe films. Figure 6 presents temperature dependence of magnetization of 
FeSe films synthesized at -1.75 V and pH 2.3. The data were obtained after field cool 
condition with magnetic field of 5 Oe. The magnetization suddenly decreased around 
3.5 K, corresponding to superconducting transition.  
In summary, we successfully synthesized superconducting FeSe films using the 
electrochemical method. Tetragonal FeSe films electrodeposited at -1.75 V and pH 2.3 
exhibited superconducting transition Tc ~ 3.5 K. Our results give the novel synthesis 
method to fabricate the superconducting coated conductor including films, wires tapes 
and so on.  
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Figure caption 
Fig. 1 Cyclic voltammemtry (CV) measurement for distilled water dissolving 0.01 mol/l 
FeSO4 ·7H2O and 0.005 mol/l SeO2.  
Fig. 2 The electric potential dependence of the composition ratio of Fe and Se measured 
by EDX measurements. 
Fig. 3 X-ray diffraction patterns of FeSe films electrodeposited by different electric 
potentials. Peaks marked by * and ▲ indicate hexagonal FeSe and Se, respectively. 
Fig. 4 The pH value dependence of the composition ratio of Fe and Se measured by 
EDX measurements. 
Fig. 5 X-ray diffraction patterns of FeSe thin films electrodeposited by the difference 
pH value. Peaks marked by * indicate hexagonal FeSe. 
Fig. 6 Temperature dependence of magnetization for FeSe films electrodeposited at 
electric potential -1.75 V and pH 2.3. 
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